A 2 × 2 factorial arrangement was designed to test effects of supplementation of a low (L, 75 mg/kg BW) vs. high (H, 150 mg/kg BW) L-arginine given at early (first 56 days) vs. late (last 56 days) pregnancy on maternal hormones and neonatal traits. Thirty Najdi pregnant ewes were randomly allocated into 6 groups. Ewes in G1 and G2 served as controls (C), given 50 ml saline at either early (CE) or late (CL) pregnancy, respectively. G3 and G4 ewes in early pregnancy received low (LE) and high L-arginine (HE), respectively. G5 and G6 ewes in late pregnancy received low (LL) and high (HL) L-arginine, respectively. A weekly blood sample was collected from initiation of the treatment till parturition. Serum growth hormone (GH), insulin-like growth factor-I (IGF-I), insulin, progesterone (P4) and estradiol 17 β (E2) profiles were determined. Neonatal traits were also determined. Insulin was higher (P < 0.05) in low arginine compared with control and high dosage. HL ewes (G6) exhibited increased (P < 0.05) IGF-I and decreased plasma E2. IGF-I increased and GH decreased at late pregnancy. The increase (P < 0.05) in plasma P4 between early and late pregnancy was slightly (P < 0.10) affected by L-arginine dosage. Low arginine increased (P < 0.05) birth weight by about 35% (4.86 kg) over the control (3.58 kg); whereas high arginine tended to increase birth weight (4.31 kg, P > 0.05). Lamb survival rates at birth in LE ewes were highest (100%) compared to other treatments. In conclusion, supplementing pregnant ewes with low dosage of L-arginine at early stage of gestation increased lamb birth weight and survival, and improved maternal health.
Introduction
Due to their prolificacy, it is well known that pregnant ewes require more nutrients during pregnancy term for the sake of fetal growth and development. Whether these nutrients are needed in the early or late pregnancy is a subject of controversy. Recently, evidence has emerged that the amino acid L-arginine (Arg) showed anabolic merit within the body via its mediator nitrous oxide (NO). NO is a product derived from the catalysis of the enzyme, nitric oxide synthase, of the oxidation of L-arginine into L-citrulline. Also, NO is considered an endothelium-derived relaxing factor essential for increasing systemic vasodilatation [1] - [3] . It has been found that dietary supplementation of L-arginine increased NO synthesis in various tissues within physiological ranges [4] , normalized plasma glucose levels in streptozotocin-induced diabetic rats [5] and attenuated hyperglycemia in ZDF rats [6] . There is compelling evidence that L-arginine regulates inter-organ metabolism of energy substrates and the function of multiple organs [7] . Experimental and clinical studies indicated that L-arginine is a nutritionally essential amino acid for spermatogenesis, embryonic survival, fetal and neonatal growth, as well as maintenance of vascular tone and hemodynamic [8] - [10] . Moreover, there are indications that dietary supplementation or intravenous administration of L-arginine is effective in improving functions of reproduction, cardiovascularity, pulmonary system, renal filtration, gastrointestinal, liver and immunity, as well as facilitating wound healing, enhancing insulin sensitivity and maintaining tissue integrity [7] . Arginine was found to enhance embryonic implantation and development in rats [11] , sheep [12] and pigs [13] . Multiple births of local sheep ewes with a high percent of mortality at birth necessitate to find a source of nutrients that support fetal wellbeing. Recently, Mateo et al. [13] reported that supplementing arginine to the gestation diet for gilts increased the number and litter weight of live-born piglets by 22% and 24%, respectively. Therefore, this study aimed at monitoring the optimum dosage of L-arginine, and the proper gestation stage which maximizes the ewe's hormonal profile during pregnancy and subsequently enhances the neonatal survival and birth weight.
Material and Methods

Animals, Location and Treatment
The experiment was carried out in the Animal Production Research Unit at the University of Qassim Agricultural Experimental Station. Thirty adult Najdi ewes (16 ± 2 month age; 50 ± 3 kg B.W) were equally and randomly allotted into six treatments (n = 5 ewes/group, Figure 1 ). Animals were lodged in semi-shaded pens and offered 300 g barley daily as a concentrate in addition to alfalfa hay Ad lib according to NRC [14] . Clean tap water and equilibrated salt formula as licks were freely accessible.
Arginine-HCl
L-arginine-HCl was purchased from Nutrients Scientific (Diamond Bar, CA, USA) in crystalline powder with 99.6% purity. The formula was prepared in two forms; one contained 75 mg L-arginine/ml (Formula 1; produces 75 mg/kg/head/day) and the second contained 150 mg L-arginine/ml (Formula 2; produces 150 mg/kg/head/day). Each of the arginine-treated animals was given an oral dose (50 ml/day) of the designed formula for the duration of the treatment (56 days, Figure 1 ). 
Experimental Design
As illustrated in Figure 1 , the design based on 2 factors; i.e., stage of pregnancy and dosage of L-arginine. Therefore, 6 groups (G) of ewes (n = 5/G) were designed as follow; G1 and G2 ewes received daily oral dose of 50 ml 0.9% NaCl (physiological saline) for 56 days, G3 and G5 ewes were orally given 50 ml of the low L-arginine (75 mg/kg B.W/day) for 56 days and G4 and G6 ewes were orally given 50 ml of high L-arginine (150 mg/kg B.W/day) for 56 days. At the beginning of the treatment, G1, G3 and G4 were at an early gestation; however G2, G5 and G6 were at late gestation.
Blood Sampling
A jugular venipuncture was used to collect a whole blood sample in EDTA-containing Vacutainer ® tube. Blood sample collection commenced just before the treatment (d = 0) and continued every week until parturition in late pregnant ewes. However, in early pregnant ewes blood samples were collected every week for 8 consecutive weeks just after initiation of the treatment and once a month thereafter up till parturition. At the time of parturition a blood sample was collected out of all mothers.
Hormone Determinations
Insulin Determination
Insulin concentration in plasma was determined according to the method of Clark and Hales [15] by a commercial specific ovine ELISA kit (CusaBio, Wuhan, China). Intra-assay coefficient of variation was 3.9%.
IGF-I Determination
The determination of IGF-I was accomplished by a commercial ELISA specific kit for sheep (CusaBio, Wuhan, China) using the method described by Breier et al. [16] . Intra-assay coefficient of variation was 5.3%.
GH Determination
GH determination was done by a commercial sheep specific ELISA kit (Blue Gene Biotech Co., Shanghai, China) according to the method described by Reiter et al. [17] . Intra-assay coefficient of variation was 4.7%.
Progesterone (P 4 ) Determination
Plasma progesterone was quantified by the use of a commercial ELISA kit (HUMAN, Germany) according to Joyce et al. [18] . Intra-assay coefficient of variation was 6.3%.
Estradiol 17 β (E 2 ) Determination
Plasma estradiol-17 β was quantified by the use of a commercial ELISA kit (HUMAN, Germany) according to Abuknesha and Exley [19] . Intra-assay coefficient of variation was 9.4%.
Neonatal Birth Weight and Survival
Offspring were weighed at birth and at weaning (day 70) using a scale balance. Also percentage of survival at birth and weaning were recorded within each treatment.
Statistical Analyses
Data of hormone concentrations were analyzed by the least square analysis of variances for repeated measures by SAS [20] . The 2-way analysis of variances was applied using the following model.
Y ijk = an observation taken on the k th ew; µ = overall mean; S i = a fixed effect of the i th stage of pregnancy (i = 2 stages); D j = a fixed effect of the j th dosage of L-arginine (j = 3 dosages); e ij = Random error assumed to be independent and normally distributed; with mean = 0 and variance = σ 2 e.
However, data for neonatal parameters and survival were analyzed by the general linear model-least square analysis of variance. Mean comparisons between treatments were achieved by the Duncan's Multiple Range Test [21] . Significance level was considered at P < 0.05.
Results
As sown in Table 1 , the survival of offspring at birth was 100% in all treatments except when the high dose of L-arginine was given at late pregnancy (83.3%). The treatment has nothing to affect the litter size. The high arginine resulted mean of 1.35 lamb/ewe which is similar to the control (1.32) and higher than L ewes (1.0). Survival of lambs at weaning was similar to control (100%) only in the case of low arginine given at early pregnancy, however other treatments reduced percent of survival at weaning (66.7%, 50% and 83.3% in low-late, high-early and high-late ewes, respectively). Total live weight (kg) of lambs per treatment was found in ewes given the low dose at early pregnancy (94.5 kg). Therefore, mean lamb weight at weaning was slightly heavier in the ewes given low arginine at early pregnancy (18.9 kg) than control. However, the lightest lamb weight was found in ewes given low arginine at late pregnancy (10.42 kg) and in ewes given high arginine at early pregnancy (11.96 kg). Dose of L-arginine (Figure 2 ) revealed a significant (P < 0.05) increase in birth weight at low (4.86 kg) than control (3.58 kg), however at high arginine the birth weight (4.31 kg) tended to be higher than control. Irrespective of the dose of L-arginine, administration of L-arginine at early stage of pregnancy ( Figure  3 ) significantly (P < 0.05) increased lamb birth weight (4.52 kg) compared with late pregnancy (3.79 kg).
Similar trend was found in lamb weaning weight (Figure 4) . The lambs born of ewes given low dose of arginine were heavier (P < 0.05) than control and these born of ewes given high arginine (13.51, 17.61 and 16.11 kg for C, L and H, respectively). Administering the high dose of L-arginine at early pregnancy reulted in the highest mortality of lambs after birth (50% survival), however administering the low dose of arginine at early pregnancy maintained the highest lamb survival after birth (100%) which was similar to control lambs ( Figure 5) . Either low or high arginine at late pregnancy decreased the survival rate by 16.7% -33.3% than control.
As illustrated in Figure 6 , the low arginine increased insulin secretion. The increase was obvious at late more than at early pregnancy ( Table 2) . Contrariwise, IGF-I decreased (P < 0.05) at low and increased (P < 0.05) at high arginine compared with control. The low dose either given at early or late pregnancy maintained IGF-I at the lowest levels. In control ewes the normal trend of IGF-I revealed an increase towards the late stage of pregnancy, whereas giving high dose of arginine at late pregnancy caused significant (P < 0.05) elevation in IGF-I ( Table 2) .
Growth hormone (GH) decreased (P < 0.05) as pregnancy progressed in control ewes. This was the case in H-ewes, whereas in L-ewes the GH levels remained in its initial values during both stages of pregnancy.
Administration of L-arginine at early (L and H) decreased estradiol 17 β, however at late pregnancy, there obtained an opposite trend as the low arginine maintained high levels of E2 but the high arginine reduced E2 levels. Giving either dose of arginine at early pregnancy decreased (P < 0.05) progesterone levels, whereas arginine restored the P4 levels to the normal when given at late pregnancy. 
Discussion and Conclusions
Last decades the animal scientists focused and are still focusing on the roles played by some critical nutrients during the fetal growth and development. Of these nutrients, there were some of essential and semi-es-sential amino acids, especially L-arginine, methionine and citrolline. L-arginine is considered a semi-essential amino acid because the body normally produces it in sufficient amounts. However, supplementation may be needed in special conditions such as malnutrition [22] . Therefore, L-arginine is considered a nutritionally essential amino acid in case of gestating mammals [7] . In domestic animals as well as human most of early embryonic losses occur during the peri-implantation period [23] [24] . Furthermore, intrauterine growth retardation (IUGR), which increases the risk for neonatal mortality and morbidity and compromises postnatal growth and health, is a significant problem in humans and other mammals [25] . Percent of loss during pregnancy in livestock species ranges between 20% and 50% [24] . Sheep is considered a demandable source of palatable meat to the people in the Middle Eastern countries. Due to the harsh climate in which the sheep herds are raised, a high percent of pregnancy failure impeded the success of raising this animal. The increase of ambient temperature, lack of forages and concentrates and frequency of sand storms that attacks the sheep herds raised in the desert of the central region of Saudi Arabia has motivated the research on finding alternatives to overcome these challenges. The pre-implantation embryo is susceptible to maternal heat stress but the susceptibility declines as development proceeds [26] . Embryonic loss is increased when the dam is exposed to one or more of the many stresses [27] . Stress has a deleterious effect on reproductive efficiency in animals [28] . Stressors (e.g. transport) affect the reproductive function via actions at the hypothalamic level (GnRH) or at the ovarian level (P4) [29] . The sensitivity of embryos to other stresses appears to change little during the period of preimplantation development. This has been shown for bovine embryos exposed to hydrogen peroxide [30] . In addition to heat stress, the lack of green forages in the current study has been a challenge for pregnant females. Suboptimal nutritive requirements are a major cause of developmental disability leading to a lower fetal size than its maximal genetic potential [31] . It is well known that sheep is a seasonal breeder that enters estrus in fall and early winter [32] . IUGR has been a common reproductive problem causing pulmonary atresia in sheep fetuses [33] . L-arginine as a supplementary nutrient in the diets of mammals has shown beneficial roles on fetal growth and development due to its activation of nitrous oxide (NO) and polyamines [25] . The reason that the high dose applied in the present study when given at an early stage of gestation reduced neonatal survival at weaning to 50% is clearly due to that this dose retained interstitial fluids leading to edema in the udder which impeded the natural suckling of offspring. The heaviest lamb birth (4.99 kg) and weaning (18.9 kg) weights were obtained from mothers given L-arginine at an early stage of pregnancy (P < 0.05). This lamb heavy weight coincides with the highest level of blood insulin (P < 0.05) and the low level of IGF-I (P < 0.05). A reasonable explanation for the heavy lamb weight accompanied by high maternal insulin might be interpreted from the positive relationship between basal vascular endothelial nitric oxide production and insulin sensitivity [34] . Under physiological circumstances, insulin stimulates arterial vasodilatation in skeletal-muscle vascular beds. By increasing its own delivery and that of glucose to insulin-sensitive tissues, it may amplify its own action in promoting glucose uptake [34] , and it has been reported previously [35] that insulin-mediated vasodilatation is impaired in insulin-resistant states. In our study the low arginine increased insulin and decreased IGF-I, whereas the high arginine revealed the opposite (e.g. increased IGF-I and decreased insulin). In a study by Lu et al. [36] on rats, they administered the animals with 100 mg (low) or 200 mg L-arginine/kg and found a significant elevation of IGF-I and IGF-II than control. The low dose of our study is still lower than 100 mg, which explains the critical effect of the L-arginine level on the metabolic functions. Moreover, the inverse relationship between blood insulin and IGF-I levels accompanied with low survival and low lamb weights at birth and weaning confirms the hypothesis that both the fetal growth and development apparently are dependent on the metabolic actions of insulin, rather than IGF-I. The involvement of IGFs in regulating fetal growth was first reported in clinical studies demonstrating that birth weight is positively correlated with cord blood IGF-I levels [37] [38], and so levels are low in small-for-gestational-age (SGA) infants and are enhanced in large-for-gestational-age babies [39] . The excessive secretion of IGF-I in ewes given the high dose of L-arginine might damage the normal metabolic pathways which seem to be normal in control and L-ewes. Bilby et al. [40] showed a positive relationship between circulating IGF-I and embryonic development, but they didn't mention to what extent of IGF-I elevation this relation is correct. The increase of IGF-I in the late pregnant H-ewes in our study approached as twice that in the same stage in control ewes. Growth hormone trend among gestation stage was not different due to L-arginine. Alterations in the IGF cascade have a role in compromised fetal growth [41] . In ovine gestation, an increase in IGF-I plasma concentrations was associated with increased muscle mass and myofiber hypertrophy [42] . Arginine either at low or high dose when given at an early stage of gestation resulted in decreases of estradiol 17 β and progesterone (P < 0.05), however, when given at late pregnancy it maintained progesterone as control. Also, low-arginine maintained estradiol as in the control ewes, whereas it reduced (P < 0.05) estradiol in ewes given the high dose of L-arginine. Little research has focused on the effects of L-arginine supplementation on progesterone and estradiol. In sheep Saever et al. [43] confirmed that ewes given L-arginine had lower progesterone than control. Additionally, Crane et al. [44] didn't find differences in circulating progesterone due to arginine supplementation. As far as the gestation stage, our results favored the administration of a low dose of l-arginine at an early stage of pregnancy (i.e. starting 21 days postmating) which culminates in the high lamb survival at weaning (100%) and the heaviest weight at birth (4.99 kg; +33.6% higher than control, P < 0.05) and at weaning (18.9 kg; +27.4% than control, P < 0.05). This finding was confirmed by Lassala et al. [12] who obtained heavier lamb birth weight in ewes given parenteral arginine by 23% than control and also 23% more neonatal survival. Late researchers administered arginine between days 100 -121 of gestation. Giving arginine in the last 8 weeks of gestation in our study slightly increased birth weight by about 10%, however, when arginine was given at an early pregnancy the increase in lamb birth weight was 20% than control (P < 0.05). Care must be exercised when using amino acids as supplementary to the pregnant animal diets due to their micro levels in blood circulation. It is preferable to administer a low daily dose of L-arginine (75 mg/kg B.W/56 days) than giving a low or high dose at a late stage of pregnancy in ewes. The reason is that at or around the time of maternal recognition of pregnancy the pregnant uterus might require more amino acids supply for better implantation and placental vascularity. Also, using this regime might rescue the pregnant ewes of suffering from early embryonic losses.
